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Detrimental Sr-segregation and precipitation at perovskite oxide surfaces

Z. Cai et al., Chem. Mater. 2011, 24 D. Oh et al., J Mater Res. 2012, 27     J. Druceet al. Energ. Environ. Sci., 2014, 7
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Sr segregation and Cr & S poisoning of La0.6Sr0.4Co0.2Fe0.8O3

CrPoisoningNucleationTheory:

CrO3(g) + SrO(s)ҦCrςSrςO(nuclei)(s)

CrςSrςO(nuclei)(s)+ CrO3(g)ҦCr2O3(s)

CrςSrςO(nuclei)(s)+ CrO3(g) + SrO(s)ҦSrCrO4(s)

S.P. Jiang, X. Chen, Int. J. of Hydrogen Energy, 2014, 39.
K. Chen, S.P. Jiang, Electrochemical Energy Reviews 2020, 3.

LSCF-GDC electrodes after operation at 200 mA/cm2Σ фллɕ/Υ

SrCrO4

LSCF

Degradation

XRD, EDS, SEM Ą formation of SrCrO4 and Cr2O3 on LSCF surface.

S.P. Jiang et al. J. Electrochem. Soc., 2006,153, A127

S Poisoning Nucleation Theory:

SO2(g)+ SrO(s)ҦSrSO4(s)

LSCF bar samples in the presence of 20 ppm SO2ŀǘ фллɕ/Υ

Degradation

XRD, EDS, Raman Ą formation of SrSO4 on LSCF surface.

C. C. Wang et al. J. Electrochem. Soc., 2014, 161

S.P. Jiang, X. Chen, Int. J. of Hydrogen Energy, 2014, 39.
K. Chen, S.P. Jiang, Electrochemical Energy Reviews 2020, 3.
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Perovskite oxide surface more stable and has faster oxygen exchange 
kinetics with oxidizable surface-cations.

LSC: Tsvetkov, Lu, Sun, Crumlin, Yildiz, Nature Materials, 2016, 15 (9).
LSM: Bliem, Kim, Yildiz, J. Mat. Chem. A. 2021

x30

S
u

rf
a

ce
 O-

e
xc

h
a

n
g

e
 k

in
e

tic
 

co
e

ff
ic

ie
n
t 
kq

(c
m

/s
)

Lee et al. Yildiz, J. Am. Chem. Soc., 2013, 135.
Kim, Bliem, Hess et al. Yildiz, J. Am. Chem. Soc., 2020
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This project aims to attack the degradation pathway coupling surface chemistry to impurity poisoning on 
perovskite oxygen electrodes, taking LSCF as a state-of-the-art electrode. 
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1. Improve the chemicaland electrochemicalstability of the surfaceof LSCF,both the initial oxygen
exchangekineticsanddurability.

2. Developinfiltration chemistriesto enablethe surfacemodifications,to suppressthe Sr-segregation
andthe Cr- andS-poisoningprocesses.

3. Advanceour understandingof the role of operational parameters on oxygen-electrode surface
chemistryandperformance,combiningexperimentsandcomputations.



Methods to achieve project objectives 
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LSCF oxygen electrode 
surface chemical 

modification by solution 
infiltration.

Characterization of surface 
chemistry (Sr-segregation, 
Cr- / S-poisoning) by XPS 
and AES, oxidation and 

bonding (XANES, EXAFS).

Electrochemical 
characterization of the 
electrode performance 

and stability.

First-principles-based 
modeling of surface phase 
and reaction mechanisms. 

Guide design of best 
surfaces.

Collaboration with PNNL 
using well-established 
button cell fabrication 

process.


